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Summary. To study the relationship between basal lamina and regenerating cells, lungs 
of dogs were injured with intravenous injection of oleic acid. The lesion produced is charac- 
terized by dcsintigration of cells and by preservation of basal lamina. Within three days, 
regeneration with epithclial and endotheliul cclls, und probably with septal cells begins from 
the adjacent viable portions of the lung. Guided by the epithelial and endothelial busal 
lamina, these cells proliferate along the busal lamina surIaccs, which hure been denuded of 
cells, and in three wecks almost completely re-establish the structure and function of the lung. 

The new epithelial and endothelial cells grow directly upon the original basal lamina and 
do not deposit a new layer. 

Observations are presented which indicate that specific recognition systems may exist 
betwcen denuded basal lumina and regeneruting cells. 

Zusammen•assun!l. Zur Überprüfung der Beziehungen zwischen Basalmembranen und 
regenerierenden Parenchymzellen werden die Lungen von Hunden durch intravenöse Injek- 
tion von Ölsgure gesch/~digt. Diese Schgdigung ist gekennzeichnet durch eine Desintegration 
der Alveolarzcllen, wghrend die Basalmembranen erhalten bleiben. Die Regeneration der 
Epithelien, Endothelien und wahrscheinlich auch der septalen Zellen geht von den noch er- 
haltenen Parenchymbezirken aus. Die Basalmembranen dienen den regenerierenden Zellen 
als Leitstrukturen. Sie sind zugleich verantwortlich für die Offenhaltung der Alveolarrgume. 
Nach 3 Wochen ist die Regeneration beendet und der status quo unte wieder erreicht. Die 
engen Beziehungen zwischen Basalmcmbranen und l~egenerationsvorgängen machen es wahr- 
scheinlich, dal3 zwischen regenerierenden Zellen und Basalmembranen spezifische Erkennungs- 
systeme bestehen. 

The significance of basa l  l amina  (BL) for o rder ly  regenera t ion  of in ju red  
t issues has  been reve»led  b y  Oliver (1953), O ' D a l y  and  I m a e d a  (1967), Cuppage 
et al. (1967, 1969), G iacomet t i  and  P a r a k k a l  (1969), Vracko (1970) and  K r a w c z y k  
(1971). I f  B L  is undamaged ,  i t  re ta ins  as a mieroske le ton  the  s t ruc tu ra l  f r amework  
of the  organ and  repopu la t ion  wi th  new genera t ions  of cells proceeds  along the  
denuded  B L  surface. The  resul t  is a]most  comple te  res to ra t ion  of s t ruc ture  and  
funct ion.  I f  con t inu i ty  of B L  has  been d a m a g e d  or des t royed  (Clark, 1946 ; Oliver, 
1953 ; Volkmann ,  1893) regenera t ion  is incomple te  and  scar ensues. 

Dur ing  repai r  of rena l  tubules  (Cuppage et al., 1967, 1969), cu taneous  nerves  
(O 'Daly  and  I m a e d a ,  1967) and  skele ta l  muscle (Price et al., 1964; Vracko,  1970) 
the  new cells p roduce  a new layer  of B L  in appos i t ion  to  the  old orte. Such struc- 
tures  then  have  a two l aye red  B1. Mult iple  layers  of B L  m a y  accumula te  f rom 
successive genera t ions  of cells causing a m a r k e d  widening of the  ovcra]l  BL 
inves tmen t  (Vracko, 1970, 1970). 

The  p rese rva t ion  of B L  in in ju red  t issues and  i ts  ab i l i t y  to guide the  prolifera-  
t ion of regenera t ing  p a r e n c h y m a l  cells cons t i tu te  i m p o r t a n t  biologic pr inciples  
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whieh appear  to be responsible for the final outcome of the healing proeess. They 
determine,  aecording to this eoneept, whether the i n ju ry  will heal by  regeneration,  

re-establishing s t rueture  and  Iunet ion,  or will t e rmina te  in  scar. These qualities 
of BL also affeet the development  of BL thiekening,  as it  oeeurs for examplë in 
pat ients  with diabetes mell i tus (Vraeko, 1970, 1970). 

To obta in  addi t ional  in format ion  abou t  the relat ionship between BL and  
regenerat ing eells the healing o I in]ured lung was invest igated.  This tissue was 
ehosen beeause i t  has relat ively simple s t rueture  and  beeausë it  possesses two 
dis t inet  types of BL:  one whieh supports  epithelial cells and  another  belonging 
to eapillary endothel ium. The purpose of tbis eommuniea t ion  is to:  1. sbow tha t  
after death  of parenehymal  eells BL of pu lmona r y  septi  provides a seaffolding for 
replacement  of eells, 2. demonst ra te  t ha t  eell replaeement  in  the lung doës not. 
result  in thickening of BL and  3. diseuss the signifieanee and  speciIieity of BL for 
regenerat ing eells. Chemieal i n ju ry  with in t ravenous ly  adminis tered oleie aeid was 
used to in jure  and  kill eells of alveolar septi. The i n ju ry  and  its healing were 
s tudied grossly and  with l ight and  eleetron microseopy. 

Materials and Methods 

PolyethyleneNo 280 catheters were placcd into the femoraI artery and into the external 
jugular vein of seven adult mongrel dogs. The following day 0.15 ecm/kg body weight of 
oleic acid (J. T. Baker Chem. Co.) were injected rapidly into the venous circulation of six 
dogs and saline was injected into one control animal. They were saerificed at live hours (one 
dog), seventy-two hours (two dogs), one weck (one dog), two weeks (one dog), and three weeks 
(one dog) after injection. The control animaI was saerifieed seventy two hours after injection 
of saline. Samples of myoeardium, spleen, liver, kidneys and from eaeh lobe of the lung were 
fixed by immersion into neutral 10% formalin and embedded in paraffin. The seetions were 
stained with H and E, PAS, and Gomori's triehrome stain. Frozen seetions of lung embedded 
in 1% gelatine were stained with Oil-red-0. 

For eleetron mieroseopy tissue samples were obtained from three randomly seleeted areas 
of Ieft and right lungs, minced into 1 mm 3 pieees, fixed for one hour in preehilled 1% osmium 
tetroxide in 0.1 M s-eollidine buffer at pH 7.48, postfixed in 10% neutral formalin for one 
hour, dehydrated in ethyl aleohol and embedded in Epon 812 via propylene oxide. For thin 
seetioning, five blocks showing abnormaI lung tissues on thiek seetions were selected from 
eaeh case and multiple thin seetions were prepared, stained with 3.5 % aqueous uranyl aeetate 
and with Millionig's lead tartrate. Eleetron mierographs were obtained with RCA-EMU-3 G 
electron microseope. 

Just prior to the injection of oleie aeid as well as at 1, 3, 5, 24, 30 hours and 2, 3, 4, 5, 
and 6 days after the injeetion the following functionaI parameters were measured: respiration 
rate, minute ventilatory volume using the Wright's ventilometer with face mask, pH, p02 and 
pC02 of the arterial blood, pulse rate, and intra-arterial blood pressure. 

Results 

Immediately after injection of oleic acid all animals, except the control, developed respira- 
tory distress. The respiration rate increased 2-3 times and the minute respiratory volume 
doubled within the first 3 hours. Arterial pO 2 decreased to 40-60 mm/Hg and the pH dropped 
from 7.41 to 7.37. The pulse rate increased on the average 15 beats per minute. These para- 
meters remained abnormal for the first two days. They began to improve thereafter and 
retumed to normal levels by the fourth day. Intra-arterial blood pressure and pCO 2 remained 
unchanged throughout the experiments. The control animal which received saline showed no 
changes in these parameters nor did it reveal any pulmonary pathology. 
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Gross Pathology. The lungs of animMs which were sacrificed during the first 
three days weighed 2.5 times normal. They were firm, rubbery and had markedly 
decreased crepitation. At one week and later their weight was normal (0.9% of 
total  body weight) and they contained only scattered areas of firmess. At two and 
three weeks the gross appearance was normal. 

Light Microscopy. At live hours the changes were focM, characterized by intra- 
alveolar hemorrhages, edema, and infiltration with polymorphonuclear ]enkoeytes. 
The distribution of lesions was throughout the lung and was not limited to 
subpleurM parenchyma. Minute lipid droplets were scattered in many  cells. 

At seventy-two hours the areas of necrosis became defined more clearly. They 
were surrounded by  pleomorphic cells and clusters of polymorphonuclear 
leukocytes. Pleural reaction was absent. Considerably more stainable lipid was 
present in various cells than was noted in the earlier specimen. 

At orte week more air-filled spaces were apparent.  They contrasted sharply 
with areas of obliterated lung in which inerease in fibrous tissues was apparent  
mixed with large pleomorphie cells with prominent nuclei and nucleoli. More 
stainable lipid was present than was seen on the seventy-two hour specimen. 
Disruptions of alveolar septi became apparent  suggesting emphysema. 

At two weeks the airless areas had diminished further. They contained more 
collagen and pleomorphic cells. PAS positive, brown pigment was noted now in 
alveolar macrophages. In f lammatory  cells were absent and lipid occurred only in 
c]usters of ce]ls within areas of consolidation. Emphysema became prominent. 

At three weeks only microseopic foci of fibrosis remained. The majori ty of 
parenchyma was normal except for common interruptions of interalveolar septi 
giving the picture of emphysema. 

No pathologie changes were seen in the myocardium, spleen, liver or kidneys 
of any of the animals. 

Electron Microscopy. The focal nature of the lesion was apparent  also in 
tissues prepared for electron microscopy. While an occasional tissue block 
contained normal lung, most of the samples obtained during the first three days 
had changes ranging from mild interstitial edema and focal hemorrhage to areas 
of total  necrosis. Among random samples obtained at  one week and later, normal 
appearing lung became more common and comprised most of the tissue in the last 
sample. 

Samples taken a t / i r e  houm revealed flocculent intra-a]veolar material mixed 
with occasional strands of fibrin, scattered erythroeytes and a rare white cell. 
Some alveolar septa exhibited widening of their interstitial spaces, apparently 
dne to accumulation of fluid; others reveMed partial detachment of epithelial 
cells from epithelial BL, forming bullae filled with flocculent material. The 
capillaries in these septa were intact  and distended with red blood cells. The most 
severe damage was characterized by total  loss of all cells (Fig. 1) except red blood 
cells. Epithelial, endothelial and interstitial cell remnants in these areas were 
present as granular debris. No lipid was seen within capillaries but an occasional 
]ipid droplet occurred in the alveolar space among cell debris. The epithelial and 
endothelial BL remained nnaltered and eould readily be identified and differentia- 
ted by their relation to interstitial collagen and elastie fibers. 
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Fig. 1. Five hours after injury. Cell debris (CD) surrounds the undamaged epithelial (short 
arrows) and endothelial (long arrows) basal lamina. A glycogen rich cell, lipid droplet (L) and 
cell debris (CD) are present in alveolar spaces (AS). Collagen (C) identifies the interstitium. 
Irregular thickening of basal lamina is due to oblique sectioning. Lead tartrate and uranyl 

acetate. × 11000 

Three days ~fter i n ju ry  considerable var ia t ion  among samples was again noted. 
Some areas were relat ively normal .  I n  others, septi were surrounded by  fibrin, 
pneumocytes  ~nd ext ravasa ted  red blood cells. Foci with necrotic cells and  
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Fig. 2. Three days after injury. The basal lamina skeleton is being repopulated with epithelial 
cells (EP) along epithelial basal lamina (short arrows) and by endothelium (EN) inside 
capillary basal lamina (long arrows). Red blood cells (R) and cell debris fill out one capillary. 
Interstitium (IS) contains red blood cells (R), collagen, elastie fibers (E) and cell debris. Lead 

tartrate and uranyl aeetate. X 9 000 

denuded ,  i n t ae t  B L  eould be read i ly  loeated.  I n  these,  new eells began  to  appear .  
Cells wi th in  the  eonfines of eap i l la ry  B L  were conspicuous b y  p rominen t  amoun t s  
of rough endoplasmie  re t i eu lum (Fig. 2, 3). Their  cell walls were ei ther  in apposi-  
t ion with  the  lumina l  surfaee of cap i l la ry  B L  or wi th  endothe l ia l  cell debris.  They  
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Fig. 3. Three days after injury. The partly eollapsed but intaet basal lamina skeleton is 
guiding regenerating endothelial (EN) and epitheliM (EP) eells. A septal eell (S) eontaining 
eleetron opaque granules is present in the interstitial spaee (IS) and maerophages (A2~1) are 

seen in Mveolar spa.ee (AS). Lead tartrate and uranyl aeetate. × 10000 

were no t  seen extending through DL. A different cell type  was seen on the alveolar 
surfaee of epithelial DL (Fig. 2, 3): from a thickened port ion of the eell whieh 
eontained sparee eytoplasmie organelles, re lat ively th in  eell processes extended 
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:Fig. 4. A minute focus of fibrosis three weeks after injury. Elastic fibers (E) define the inter- 
stitium (IS). The long arrows point to probable remnants of capillary basal lamina. The 
Mveolar spaees (AS) eontain collagen (C) and cell processes, some of which are aligning Mong 
the epithelial basal lamina (short arrows). Lead tartrate and uranyl aeetate. × 6500 

over the alveolar surfaces of epithelial BL. These werë almost  tota l ly  devoid of 
cy~oplasmie organelles. They bridged across BL folds and  f requent ly  extended 
shorter eytoplasmie proeesses into the depth of these BL pleats. I n  the early 
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s tages  of regenera t ion  eell debr is  was commonly  seen be tween the  eell proeesses 
and  BL. L a t e r  i t  d i sappea red  and  p r e s u m a b l y  was r emoved  b y  regenera t ing  eells. 
Alveola r  maerophages  were eommonly  seen in a lveolar  spaces on the  th i rd  d a y  
following in jnry .  

One week following in]ury,  the  foei of damage  and  ongoing regenera t ion  were 
more  diff ieult  to locate on r a n d o m  tissnes blocks. W h e n  seen, t h e y  showed 
ehanges s imilar  to those observed a t  72 hours.  Cells as deser ibed before »vere 
a p p a r e n t l y  r epopu la t ing  the  eapi l la ry  DL tube  and  the surfaees of epi thel ia l  BL. 
I n  addi t ion ,  ano ther  eell t ype  beeame p romine n t :  in the  in te r s t i t ium,  whieh 
following i n j u r y  conta ined  pr ine ipa l ly  eollagen and  elast ie  fibers, eells began to 
appea r  eonta in ing m a n y  free r ibosomes and  mul t ip le  dense bodies,  a p p a r e n t l y  
lysozomes.  Al thongh  these eells touehed  in spots  the  eonneet ive t issue surfaee of 
epi thel ia l  BL they  genera l ly  d id  no t  show the  t endeney  to align themselves  along 
the BL. These cells p r o b a b l y  represen t  regenera t ing  septa l  eells (Fig. 3). I n t r a -  
a lveolar  maerophages  again  were prominent .  

A t  two wee/cs most  sections revea led  r e l a t ivë ly  normal  lung. The rare  abnormal  
sites eonta ined  i n t ae t  b u t  p l ea ted  epi thel ia l  BL,  d i s rup ted  endothe l ia l  B L  and  
cells whieh al igned along the  denuded  snrfaees of epi thel ia l  BL. Septa l  eells were 
p resen t  and  resembled  those descr ibed earlier.  A new f inding was the  presenee of 
eollagen and  long, s lender  eells wi th in  a lveolar  spaees. This beeame more  p rominen t  
in the  speeimen removed  a t  three  weeks (Fig. 4) a l though the  f requeney  of such 
foei was m a r k e d l y  deereased.  I n  such sites the  epi the l ia l  B L  was stil l  i n t ae t  and  
p rov ided  a seaffolding for pro l i fe ra t ing  epi the l ia l  eells. The  eapi l la ry  B L  had  
la rge ly  d i sappea red  exeept  for small  aggregates  of B L  like mater ia l .  Cells whieh 
by  loeat ion and  appea ranee  would snggest  regenera t ing  endothe l ia l  eells werë 
uneommon.  Elas t ie  fibers »vere seen only  in the  in t e r s t i t i um assoeia ted  wi th  
bundles  of eollagen. 

Discussion 

To preserve  the  th ree-d imens iona l  p a t t e r n  of a t issue af ter  cell dea th ,  and  to 
serve as a scaffolding for regenera t ing  cells appea r  to be common and  i m p o r t a n t  
p roper t ies  of BL. 

I t  was shown by Volkmann (1893) that injured skeleta! muscle will completely regenerate 
and become functional only if the sarcolemma remained intact; if it was damaged, the injury 
healed with a scar. Later Clark (1946) in an ingenious experiment demonstrated that regenera- 
tion of skeletal muscle fibers occurred in the direction of old fibers eren if a piece of musele 
was excised and reimplanted at right angles to its original orientation. When with the advent 
of electron microscopy the principal eomponent of sarcolemma was identified as BL, it became 
apparent that BL is the guide for orderly positioning of regenerating muscle cells and that its 
presence is necessary for reestablishment of the original structures. Very similar events occur 
in WMlerian regeneration of nerves (O'Daly and Imaeda, 1967) as well as during repair of 
tubular necrosis. In crush injury of cutaneous nerves the Schwann cells and axons regenerate 
inside the BL envelope which has been left behind by the previously damaged cells. Following 
temporary occlusion of the renal pedicle (Cuppage et al., 1967) and following injury with 
mercuric chloride (Cuppage et al., 1969) the tubular BL remains intact aßter cell death as a 
structural framework for regenerating epithelial ceÂls. Disruption of BL induces disorganized 
proliferation of epithelium and apparently requires interaction of epithelial and mesenchymal 
elements to patch up the defect (Oliver, 1953). In a similar sequence of events the repopulation 
of skin autografts and homografts begins as epithelial outgrowth from the hair follicles of the 
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gruft. The new cells advance over the BL left in situ by the dislodged epidermis (Giaeometti 
and Parakkal, 1969; Krowczyk, 1971). 

Events similar to those described for regeneration of musele, kidneys, nerves 
and epidermis take place in the lung following injury with oleic aeid. Five hours 
after intravenous injection of oleie aeid the epithelial, endothelial and interstitial 
eells in large portion of the lung parenehyma disentigrate into cell debris. The 
epithelial and eapi]lary BL remain intact (Fig. 14) .  They retain, as a miero- 
skeleton, the framework of alveolar structure and provide undisrupted structural 
continuity between the living and dead portions of the lung. They also serve as a 
scaffolding for regenerating epithelial and endothelia] cells. These eells begin to 
repopulate the epithelial and eapil]ary BL soon after injury and with their 
pseudopods unfold the BL pleats in areas where it rias eollapsed (Fig. 2, 3, 4). 
These developments lead within three weeks to reestablishment of relatively 
normal lung parenehyma. 

It is unlikely that the nature of injury used in this experiment possesses the unique 
property of preserving DL. While the exact nature of toxie effects of oleie aeid are unknown, 
it has been shown to be a highly neerotizing agent (Sevitt, 1962). When injeeted intravaseularly 
or subcutaneously it will eause marked necrosis wherever it lodges and it has been suspected 
of contributing to injury of pulmonary fat embolism (l~ubia and Schulz, 1963 ; Sevitt, 1962). 
Oleic aeid could not be visualized on electromicrographs nor was excessive lipid apparent with 
the light mieroseope. The fate of oleic acid is therefore unknown and the exact nature of 
injury remains unexplained. 

Of eonsiderable interest is the eellular response to injury. I t  was eharacterized 
during the first 72 hours by foeal infiltration with polymorphonuelear leueocytes 
and with beginning proliferation of epithelial and endothelial eel]s. These grew 
along the alveolar surfaee of epithelial and endothelial BL and beeame the 
predominant cell types in the orte and two weeks old lesions. By that time the 
polymorphonuelear leueocytes had almost disappeared. The parenehymal eells 
were frequently seen in apposition with eell debris which they apparently removed. 
The mechanism of the removal was not elear since phagoeytic aetivity was not 
prominent nor did these cells contain a notable eomp]ement oB lysozomes. The 
epithelial cells and endothelial eells aligned themselves with their respective BL, 
sent out teil proeesses into the BL pleats wherever it has folded and removed eell 
debris which beeame trapped between BL and eell bodies. In no instance have 
these ce]ls penetrated the BL or proliferated on the conneetive tissue surface 
of BL. 

In  the later stages of regeneration, two and three weeks following injury, only 
rare foei of damage remained. They now contained eollagen and fibroblast like 
cells in the alveolar spaees in addition to alveo]ar maerophages and regenerating 
epithelial cells whieh eontinued to cover the denuded BL. Their presenee as well 
as the preservation of epithelial BL strongly indicated that regeneration was 
continuing inspite of beginning intraalveolar fibrosis. 

The regenerating epithe]ial and endothelial cells of the lung did not produce 
a new layer of BL but used the old, denuded BL for their immediate footing and 
support. The overall investment of BL thiekness remained therefore unehanged 
after completion of regeneration. This differs substantially from the repair of 
other organs. Epithelial cells of the nephron (Cuppage et al., 1967) deposit a new 
layer of BL as do eutaneous nerves (O'Daly and Imaeda, 1967), skeletal muscle 
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cells (Price et al., 1964) and skeletal muscle capillaries (Vracko and Benditt,  
1970). Following regeneration these structures have two or more layers of BL, 
depending npon the number  of cell generations, and their BL has a thickened, 
split or lamellated appearance. 

The present study suggests tha t  intaet BL scaffolding is required for orderly 
repair of the ]ung since eell replacement occurred only along preformed BL. If  
this observation is correct then disruption of epithelial BL eould prevent  reestab- 
lishment of epithelial continuity: Interalveolar gaps would result, enlarging 
individual air spaee giving the lung the characteristic appearance of emphysema. 
Since emphysema became apparent  in the lungs of dogs saerificed at  two and 
three weeks following injury it is conceivable that  it was caused by disruptions 
of BL whieh occurred as the result of injury with oleic acid. Such disruptions of 
BL could however, not be identified with the eleetron microscope. 

I t  was noted tha t  the dnrability of denuded epithelial BL exeeeded tha t  of 
eapillary BL. The ]atter beeame discontinuous two weeks after injury in segments 
whieh were not joined with the epithe]ial BL. Within the few unhealed foci 
three weeks after injury the capillary BL was general]y absent from interstitial 
spaees as a well defined eontinuous sheet (Fig. 4). I t  remained only in form of 
small discontinuous aggregates of BL material whieh perhaps represented eross- 
seetions of an irregular, net-like strueture with the overall configuration of a 
capillary. In  lesions in which the endothelial BL was disappearing, the epithelial 
BL remained intact  without morpho]ogieal evidence of damage (Fig. 4). 

The relationship between denuded BL, which has survived injury and re- 
generating cells appears to be governed by at  least two important  biologic 
prineiples, both of which are not well understood. One of these has to do with 
polarity of BL while the other is coneerned with BL specifieity for cell types. I t  
is apparent  from this and other studies (Vracko and Benditt,  1970) that  paren- 
ehymal eells whieh regenerate in damaged lung and skeletal musele grow exc]u- 
sively on surfaees of BL from which previous cell generation have shed. I t  is 
eoneeivable tha t  in the lung model the epithelial and endothelial eells do not 
have aeeess to the opposite BL surface. In  previons experiments however, whieh 
were concerned with regeneration of excised and reimplanted pieees of skeletal 
muscle (Vracko and Benditt, 1970) the regenerating skeleta] mnscle eells and 
eapillaries did have aceess to the eonneetive tissues side of BL yet regeneration 
oeeurred invariably within the eonfines of BL tubes, indieating tha t  eells 
"recognize" the cell snrfaee of BL. 

The seeond recognition system which appears to exist between denuded BL 
and regenerating cells is concerned with speeifieity of BL for eell types. In  
regenerating lung and skeletal musele (Vraeko and Benditt,  1970) the cells whieh 
grew along a BL wert  always the eell type which was supported by tha t  partieular 
BL before injury. While it is conceivable tha t  BL possesses the eapaeity to 
induee "uncommi t t ed"  eells to mature into cell types whieh are appropriate for 
tha t  partieular BL it is more likely, tha t  cell speeific markers exist on the surface 
of BL whieh are recognized by eells and whieh identiIy the BL as belonging to a 
particular eell type. The speeific eells then proeeed to multiply nntil they have 
eovered the available surface of " t he i r "  BL. 
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If this general concept is correct then  BL should be viewed as a microskeleton 
which provides the seaffolding for regenerat ing cells. If  cells drop out  by  the proc- 
ess of normal  cell tn rn-over  or following certain types  of i n ju ry  the replacement  
by  new eell generat ions occurs along the denuded surfaces of BL. I n  this manne r  
complete regenerat ion of complex organs, composed of different types of paren- 
chymal  cells can occur provided the in tegr i ty  of BL is mainta ined.  

Regardless of the exact  na tu re  of the forees aet ing upon  the relationships 
between BL and  regenerat ing cells, BL of lung as weh as other tissues seems to 
be responsible for orderly regenerat ion of organs and  tissues in  harmordous 
con t inu i ty  with adjacent ,  undamaged  structures and  for the re~establishment of 
function.  
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